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NATIONAL. DAM SAFETY PROGR.\M

S:MMA RY

Name of Dam: Hlilliard Estates Lake Dam
State Located: Missouri
County Located: Greene
Stream: Tributary of the Little Pomme de Terre
Date of Inspection: November 19, 1980

Hlilliard Estates Lake Dam was inspected by an interdiscip)-
linary team of engineers from Anderson Engineering, Inc. of
Springfield, Missouri and Hanson Engineers, Inc. of Springfield,
Illinois. The purpose of this inspection was to make an assess-
ment of the general condition of the dam with respect to safety,
based upon available data and visual inspection, in order to de-
termine if the dam poses hazards to human life or property.

The guidelines used in the assessment were furnished by
the Department of the Army, Office of the Chief of Engineers,
and they have been developed with the help of several Federal
and State agencies, professional engineering organizations, and
private engineers. Based on these guidelines, the St. Louis
District, Corps of Engineers has determined that this dam is in
the hI h hazard potential classification, which means that loss
of life and appreciable property loss could occur if the dam
fails. The estimated damage zone extends approximately two miles
downstream of the dam. Located within this zone are a pond, a
few out-buildings, and five dwellings.

The dam is in the small size classification, since it is
'reater than 25 ft high but less than 40 ft high, and the maxi-

mum storage capacity is greater than 50 acre-ft but less than
1,000 acre-ft.

Our inspection and evaluation indicate that the combined
spillways do not meet the criteria set forth in the guidelines
for a dam having the above size and hazard potential. The com-
bined spillways will pass 20 percent of the Probable Maximum
Flood without overtopping. The Probable Maximum Flood is de-

*fined as the flood discharge that may be expected from the most
severe combination of critical meteorologic and hydrologic con-
ditions that are reasonably possible in the region. The guide-
lines require that a dam of small size with a high downstream
hazard potential pass 50 to 100 percent of the PMF. Considering
the small height of the dam and the low reservoir storage capacity,



50 percent of the PMF has been determined to be the appro-
priate spillay design flood. The 100-year flood (1 percent
probability flood) will not overtop the dam. The 1 percent
probability flood is one that has a 1 percent chance of being
exceeded in any given year.

The embankment was in good condition. Deficiencies vis-
ually observed by the inspection team were: (1) Seepage at
outlet of principal spillway pipe; (2) Erosion along north
abutment-embankment contact; and (3) Lack of wave protection
for upstream face of embankment.

Another deficiency was the lack of seepage and stability
analysis records.

It is recommended that the owners take the necessary action
in the near future to correct the deficiencies reported herein.
A detailed discussion of these deficiencies is included in the
following report.

Steven L. Brhd)-,-I .
Anderson E:ngineering, _-t.

Tom R. Beckley, - IE.
Anderson 1:ngineerin, Inc.

Ja^-, Ueal:,, P..I
ttaN.Zo n Eng ineer., /Inc.

V n tales, P.E.

Anson Engineers, Inc.
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, I 10 \ I - PRO. J II N IP P 1.I I O

t. 1 ;iN\L RAL

A\. A.u thor ityZ:

The National Dam Inspection Act, Public Law 92-367P
authorized the Secretary of the Army, througlh the Corps
of Iu i neers, to initiate a program of safety inspection
of dams th roug bout the Un ited States. Pursuant to the
above, the St. Louis District, Corps of Engineers, Dis-
trict iniieer directed that a safety inspection be made
of fliIliard Lstates Lake Dam in Greene County, Missouri.

il. Purpose of Ins pection:

The purpose of the inspect ion was to miake an assessment
of the ge:,eral condition of the dam ,,ith respect to safety,
based upon available data and a visual inspection in order
to determiiinc if the dam poses hazards to human I fe or

ropeI' t \.

C . I v Iu'nlat ion C. r i t C r a

t!iteria used to evaluate the dam were furnished Lv
the De partment of the Army, Office of the Chief of -nc,-
lncers, "Recommended Guidelines for Safety Inspection of

a:As, ppendix 1)." These guidelines were developed with
the help of several federal agencies and many state agen-
cies, professiona l engineering organizations, and private

1 . 2 D.SCRI PT1ON OF PROJI 7T:

A. Desc r i pt ion of Dam and Appurtenances:

Hilliard Estates Lake Dam is an earth fill structure
alpproximately 27 ft high and 320 ft long at the crest.
The appurtenant work consists of a 4 in. diameter princi-
pal spillwav pipe and an earthcut channel emergency spill-

Sheet 3 of Appendix A shows a plan, profile, and typical
section of the embankment. Sheet 4 of Appendix A shows a pro-
file and section of the emergency spillway.

- I-



II
R. l.ocat ion:

The dam is located in the northeastern part of Greene
County, Missouri on a tributary of the Little tomme de Terre
River. The dam and lake are within the Strafford, Missouri
7.5 minute quadrangle sheet (Section 15, T3ON, R20W - latitude
37°19.1'; longitude 93'07.3'9. Sheet 2 of Apnendix A shows the
general vicinity.

C. Size Classification:

With an embankment height of 27 ft and a maximum storage
capacity of approximately 60 acre-ft, the dam is in the smal I
size category.

I). Hazard Classification:

The St. Louis District, Corps of Engineers has determine,!
that this dam is in the high hazard potential classification.
The estimated damae zone extends i pproximnteIv two miles down-
stream of the darn. Located within this zone are a pond, a fe..
out-buildings, and five dwellin-s. The affected features
located within the damage zone were iield verified by the in-
spect ion team.

The dam is owned by Hill iard Fstaites Subdivision, c/o
.Ir. .Tohn Norman. The owner's address is Route 3, !lox 2821D
Strafford, %lissouri 0575-.

F. Purpose of Dam:

The dam was cons t rCted pr imar ii y for recreat ion.

&;. Design and Construction History:

The dam was constructed in 1977 by the owner, Mr. John
Norman. According to Mr. Norman, the Soil Conservation Ser-
vice office did some preliminary survey and design work on
the dam site. A request to SCS for available information re-
sulted in their being unable to find any file information re-
lative to this dam. Mr. Norman stated that the preliminary
plan was used as a guide, but the dam was not constructed in
accordance with the SCS preliminary design data. All informa-
tion for the construction of the dam was obtained from Mr.
Norman.

-2
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A core trench about 11 t " dC and 5 ft deep Ias Cxca-
vated along the centerline of the dam. Select material from
the lake bed was placed in the core and extended upward to
the elevat ion of normal pool level (lFlevat ion 1.104.3 ft).
The remainder of the fill material was also obtained from
the lake bed.

The principal spillwav pipe as init ially installed in-
cluded the vertical standpipe, a 4 in. gate valve installed
at the bottom of the standpipe and an 8 in. steel pipe ex-
tending through the embankment. The pipe diameter was re-
duced to 4 inches about 20 ft from the pipe outlet. The
remaining 20 ft of pipe was 4 in. PVC pipe.

:As the lake was filling, Mr. Norman observed a leak in
a welded joint of the spillway near the inlet. lie removed
the standpipe, inserted a 20 ft section of PVC pipe inside
the 8 in. steel pipe and grouted between the two pipes. He
stated that this procedure stopped the leak at the joint.

Mlr. Norman stated that the dam had never been overtopped.
The maximum water level obtained, to his knowledge, was at
elevation 1406.0.

11. Normal OLPeratino Procedures:

Normal flows are discharged through the uncontrolled
principal and emergency spillways. The lake level can be
lowered by use of the 4 in. gate valve into the principal
spillway pipe. Mr. Norman stated that the pool level is
normallv maintained at the elevation of the principal spill-
way inlet pipe.

1.3 iRTIN ENT DATA:

Pertinent data about the dam, appurtenant works, and re-
servoi r are presented in the following paragraphs. Sheet 3
of Appendix A presents a plan, profile, and typical section
of the embankment.

:\. 1)rainage Area:

ihe drainage area for this dam, as obtained from the
U.S.G.S. quad sheet, is approximately 55 acres.

3-



B. 1)ischa rge at Iarm Site:

(1 All dischar .e at the dam site is through uncontrolled
s pillways

(2) Estimated Total Spillway Capacity at Maximum Pool (Top
of Dam - El. 1407.1): 150 cfs

(3) Estimated Capacity of Principal Spillway: Negligible

(4) Estimated Capacity of Emergency Spillway: 150 cfs

(5) Estimated Experience Maximum f'lood at Dam Site:
35 cfs at Elevation 1406.0

(0) Diversion Tunnel Low Pool Outlet at Pool Elevation:
Not Applicable

(7) Diversion Tunnel Outlet at Pool Elevation: Not Applicable

(8) Gated Spillway Capacity at Pool Elevation: Not Applicable

(9) Gated Spillway Capacity at Maximum Pool Elevation: Not
Applicable

C. Elevat ions:

All elevations are consistent with an assumed mean sea level
elevation of 1384.0 MSL for northeast corner of downstream cul-
vert headwall (estimated from quadrangle map).

(1) Top of Dam: 1407.1 ft, MSL

(2) Principal Spillway (:rest: 1404.3 ft, M!SL

(3) Emergency Spillway Crest: 1405.4 ft, NMSL

(4) Principal Spillway Pipe Invert at Outlet: 1379.5 ft, MSL

(5) Streambed at Centerline of Dam: 1383.0 ft, MSL

(0) Pool on Date of Inspection: 1401.4 ft, MSL

(7) Apparent High Water Mark: 1404.3 ft, MSL (observed)

(8) Maximum Tailwater: Not Applicable

(9) Upstream Portal Invert Diversion Tunnel: Not Applicable

(10) Downstream Portal Invert Diversion Tunnel: Not Applicable

4-



1). Reservoir l.eiths:

(1) :\t Top of Dam: 900 ft

(2) At Emergency Spillway Crest: 860 ft

(3) At Principal Spillway Crest: 830 ft

E. Storage Capacities:

(1) At Top of Dam: 60 Acre-ft

(2) At Emergency Spillway Crest: 52 Acre-ft

(3) At Principal Spillway Crest: 47 Acre-ft

F. Reservoir Surface Areas:

(1) At Top of Dam: 4.8 Acres

(2) At Emergency Spillway Crest: 4.6 Acres

(3) At Principal Spil Iway Crest: 4.5 Acres

Dam:

(1) Type: Rolled Earth

(2) Length at Crest: 320 ft

3) leight : 27 ft

(4) Top Width: 12 ft

(5) Side Slopes: Upstream to water edge varies from lV on 2.111
to IV on 2.4t1 Downstream varies from IV on 2.1H to 1V on
5.411

(6) Zoning: Apparently Homogeneous

(7) Impervious Core: Clay core, 11 ft wide (information from
owner)

(8) Cutoff: Key trench 5 ft deep (Information from owner)

(9) Grout Curtain: None

-S



11. Diversion and Regulating Tunnel:

(1) Typ)e: Not Applicable

(2) Lengt h: Not Applicable

(3) Closure: Not Applicable

(4) Access: Not Applicable

(5) Regulating Facilities: Not Applicable

I. Spillway:

1.1 Principal Spillway:

(1) Location: Station 1 + 30 centerline of dam

(2) Type: 4 in. diameter PVC pipe grouted inside an 8 in.
diameter steel pipe

3) Upstream Channel: Not Applicable

11 l)o0,Iistreai:t Channel: Larth channel with gentle side slope.s

1.2 timergency Spillway:

(1j Location: North Abutment

(2) Tv pe: Earth Channel

(3) Upstream Channel: Farthcut Channel

(4) Downstream Channel: arth channel along embankment-
abutment contact

,J. Regulating Outlets:

There are no regulating outlets associated with this dam.

6
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SET!(1ION 2 1:NG(; 1 .1IRIN(; l)A'I'.\

2.1 I (;N:

No engineering data is known to exist for this dam. Mr.
Norman stated that SCS did some preliminary survey and design
work on the dam. However, SCS does not have any file informa-
tion on the dam. To our knowledge, no construction inspection
records or documented maintenance and operation data exist.

A. Surveys:

No information regarding pre-construction survey data was
available. Sheet 3 of Appendix A presents a plan, profile and
cross-section of the dam and Sheet 4 of Appendix A presents a
profile and section of the emergency spillway. The northeast
headwall corner of the downstream culvert was used as a refer-
ence point to determine all other elevations. From the Straf-
ford, Mil-souri 7.5 minute quad sheet a site datum of 1384.0 ft,
MSL was estimated for the top of headwall elevation.

B. ;eolo,,v and Subsurface Materials:

The topography around the site is gentl y rolling to hilly.
This area is at the eastern edge of the Western Plains region
of the state. Generally, the soils around the dam consist of
deep, well drained, cherty, silty, clay soils. Those soils are
residual from chertv Mississippian I imestones. Typically, these
soils have a brown, cherty, clavey silt surface layer followed
by a reddish-brown, friable silty clay containing considerable
chert rock fragments. The lower horizon is a red, dark red,
crumnbly, plastic, silty clay which has varying amounts of chert
rock. leathered ledge rock is often found near the surface in
this area. The underlying rock is of the Burlington formation
of the Osagean Series of the Mississippian Systems. The Burling-
ton formation is a white to light buff, very coarsely crystalline,
fossiliferous, crinoidal limestone. Layers of chert nodules are
common in the upper portions of this formation. The bedrock has
often weathered unevenly leaving pinnacles, mushroom-like knobs
projecting from the rock surface. The crevices between theseknobs are filled with the red, often highly plastic, silty clay.

Geologic mapping of Greene County, Missouri compiled by Mr.
Kenneth C. Thomson of Southwest Missouri State University, shows
one fault zone near the site. The Strafford fault lies approxi-
mately I mile south of the dam site. The Department of Natural

-7



Resources has indicated that the faults in this area are gen-
erally considered to be inactive and have been for several hun-
dred million years (rock associated with the Mississippian per-
iod is approximately 300 million years old). Additional mapping
by Mr. Thomson indicates the nearest area of sinkhole features
is approximately 5 miles southeast of the dam site. The nearest
cave is approximately 3 miles west of the dam site.

C. Foundation and Embankment Design:

No foundation and embankment design information was avail-
able. Seepage and stability analyses apparently were not per-
formed as required in the guidelines. No construction inspec-
tion test results have been obtained. No internal drainage
features are known to exist.

I). .Hydrology and Hydraulics:

No hydrologic or hydraulic design computations for this
dam were available. Based on a field check of spillway dimen-
sions, embankment elevations, and a check of the drainage area
on U.S.G.S. quad sheets, hydrologic analyses using U. S. Army
Corps of Engineers guidelines were performed and appear in
Appendix C, Sheets 1 through 9.

F. Structure:

There are no structural design computations available for
this dam.

2.2 CONS'TRU CT ION:

No construction inspection data were available.

2.3 OPERATION:

Normal flows are passed by the uncontrolled principal spill-
way pipe and emergency spillway section at the north abutment.
The flow through the principal spillway pipe, 4 in. diameter
PVC pipe, is less than 1 cubic foot per second and is considered
to be negligible in the analysis performed for this dam.

2.4 IEVAILUAr ION:

A. Availability:

No engineering data, seepage or stability analyses, or
construction test data were available.

-8
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B. Adequacy:

The engineering data available were indadequate to make
a detailed assessment of the design, construction, and opera-
ton of this structure. Seepage and stability analyses com-
parable to the requirements of the "Recommended Guidelines
for Safety Inspection of Dams" were not available, which is
considered a deficiency. These seepage and stability analy-
ses should be performed for appropriate loading conditions,
including earthquate loads, and made a matter of record.

C. Validity:

To our knowledge, no valid engineering data on the
design or construction of the embankment are available.

-9



SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS:

A. General:

The field inspection was made on November 19, 1980. The in-
spection team consisted of personnel from Anderson Engineering,
Inc. of Springfield, Missouri and Hanson Engineers, Inc. of
Springfield, Illinois. The team members were:

Steven L. Brady, P.E. - Anderson Engineering, Inc. (Civil Engineer)
Tom R. Beckley, P.E. - Anderson Engineering, Inc. (Civil Engineer)
Jack Ilealy, P.E. - Hanson Engineers, Inc. (Geotechnical Engineer)
Nelson Morales, P.E. - Hanson Engineers, Inc. (Hydraulic Engineer)

The owner of the dam, Mr. John Norman, accompanied the in-
spection team during the visual inspection.

Photographs of the dam, appurtenant structures, reservoir,

and downstream features are presented in Appendix 1).

B. Dam:

The dam appeared to be in good condition. The upstream and
downstream slopes of the embankment had good grass cover. No
sloughing or other unusual movement of the embankment was noted.
No animal burrows were observed.

The vertical alignment of the crest appeared good. A gentle
slope downward in both directions from Station 2 + 00 was noted.
The embankment was constructed with a gentle curve concave down-
stream.

The upstream slope of the embankment varied from lV on 2.111
to IV on 2.4H. A good grass cover was noted on the upstream slope.
No rip rap was observed on the upstream slope. No significant ero-
sion was noted.

Good grass cover was noted on the downstream slope of the
embankment, except for the area adjacent to the embankment toe.
The downstream slope of the embankment varied from 1V on 2.1H to
IV on 5.411. No sloughing or significant erosion of the slope was
noted.

An apparent seep area was observed at the outlet of the
principal spillway pipe. No noticeable flow or soil particle
suspension was observed.

10 -
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The contact between the south abutment and the embank-
ment was good. Erosion channels were noted at the north
abutment and embankment contact. The erosion was due to
to the emergency spillway discharges along the toe of embank-
ment.

No instrumentation (monuments, piezometers, etc.) was
observed.

Shallow auger probes into the embankment indicated the
embankment to consist of a brown silty clay with some chert
fragments (CL). The owner stated that the material for the
embankment was obtained from the lake bed.

C. Appurtenant Structures:

C.1 Prinicpal Spillway:

The principal spillway inlet located within the lake,
consisting of an 8 in. standpipe (See Photograph No. 6) and
a 4 in. gate valve appeared to be in good condition. Mr.
Norman stated that the gate valve had not been operated since
it was installed. The outlet of the pipe (See Photograph No.
8) was clear. Standing water was noted at the outlet. The
owner reported that this area remained wet independant of flow
through the spillway pipe. Visual inspection did not reveal if
the flow as through or around the spillway pipe. According to
the owner, no anti-seep collars were installed on the spillway
pipe.

C. 2 Emergency Spillway:

The emergency spillway located at the north abutment is
an earthcut channel with a concrete slab and fish screen in-
stalled on the bottom of the channel (See Photograph No. 9).
The inlet channel is clear. No accumulation of trash or debris
was noted on the fish screen. No grass cover of the channel or
the side slopes of the control section was observed. The dis-
charge channel of the emergency spillway is along the contact
between the embankment and abutment. Erosion channels were
observed along the embankment toe. Scattered grass cover of
the channel at and downstream of the control section was noted.

D. Reservoir:

The watershed is generally wooded with moderate side slopes.
No sloughing or erosion of the reservoir slopes was observed. No
significant sedimentation of the lake was noted.

- 1l

S . .



.... . .. - - - - - .. ..

L. Downstream Chinnel

Immediately downstream of the dam is a 5 ft high roadway
embankment and concrete box culvert (See Photograph Nos. 10
and 12). During peak flows, discharge from the spillways
will be retarded by the embankment and the culvert. The1
roadway embankment will overtop at elevation 1384.0, which

is the toe of slope elevation. The back up of water due
to the roadway embankment is not expected to cause serious
damage to the dam embankment. Beyond the roadway, the channel
is well defined with moderate slopes. The downstream channel
is lightly wooded pastureland with good grass cover.

3.2 EVALUATION:

The dam is in good condition. The erosion along the em-
bankment north abutment contact, could worsen with continued
discharge through the emergency spillway and seriously affect
the stability of the dam. Accumulation of trash or debris on
the fish screen could result in additional erosion of the spill-
way and also seriously affect the stability of the dam. The
seepage at the outlet of the principal spillwav pipe and lack
of wave protection for the upstream face are deficiencies which
could also affect the stability of the dam.

- 12
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S.CT ION -4 - OPERATIONA L PROCEDtIRES

4.1 PROCEDURES:

The only operating facility for this dam is the 4 in. dia-
meter PVC principal spillway pipe with associated 4 in. diameter
gate valve, which carries negligible flows. The pool is normally
controlled by rainfall, runoff, evaporation, and the capacity of
the uncontrolled emergency spillway.

4.2 MAINTENANCE OF DAM:

The owner of the dam does not have an established mainten-
ance program for the dam.

4.3 MAINTENANCE OF OPERATING FACILITIES:

There is no regular maintenance of operating facilities.

4.4 DESCRIPTION OF ANY IVARNING SYSTEM IN EFFECT:

The inspection team is unaware of any existing warning
system for this dam.

4.5 EVALUATION:

The seepage, erosion, and lack of wave protection are
serious deficiencies which should be corrected. However, to
avoid creating an unsafe condition, these deficiencies should
be corrected under the direction of an engineer experienced
in the design and construction of dams.

- 13-



SV~CTI I ON 5 tIYDR..IJ 1.1I (:/IIYPROLO I.C t

S . 1I VAI;ATION OF FtAT IUt:"

A. liesi gn Ia t a:

:\o hvdrolog ic or hvdraul ic design computations for this
,ar', were available.

8. - :'xfe on'iice Pa:t a:

No recorded rainfa I 1 , runoff, disch:arc, or reservoir
staI~e data we-C' available tor this lake and watershcd. The
O.,nor reported that the m1ax imum kater level was about 0 in.
over the emergency spi I lway and that the dam had never been
overtopped. The owner stated that the lake level is usually
ma inta ined at normal pool level of 1404. 5 ft , ,-IISL (1levat ion
of princ ipal spillwav inlet).

C. Visual Observations:

The a)proach area to the spi 1 wav is clea r. A concrete
slab at the control .sect ion of the spillwav was noted. The
slab did not extend along the side slopes of the channel. The
discharge of the spillway was carried along the embankment and
abutment contact point. Erosion channels were observed at the
contact point extending from the control section to the toe of
the embankment. Ponding of water near the toe of the embank-
ment would occur during periods of peak flow due to the 5 ft
high embankment and limiting flow through the concrete box cuI-
vert immediatelv downstream of the embankment. Standing water
was observed at the principal spillway outlet pipe. No notice-
able flow or suspended soil particles were noted.

1). Overtopping Potent ia 1

The hydraulic and hydrologic analyses (us ing the 11. S. \rmv
Corps of lingineers guidelines and the ltl:-I computer program) Were
based oil: (1) a field survey of spillway dimensions and embank-
ment elevations; and (2) an estimate of the reservoir storage and
the pool and drainage areas from the Strafford, Missouri 7.5 M.lin-
ute 11.S.;. S. quad sheet.

Based on the hydrologic and hydraulic anal)'sis presented in
.\ppendix C, the combined spillways will pass 20 percent of the
Probable Maximum Flood. The Probable Maximum Flood is defined

14 -



-is the flood discharge that may be expected from the most sev-
cre combination of critical meteorologic and hydrologic condi-
tions that are reasonably possible in the region. The recom-
mended guidelines from the Department of the Army, Office of
the Chief of Engineers, require that this structure (small size
with high downstream hazard potential) pass 50 percent to 100
percent of the PNIF, without overtopping. Considering the small
height of the dam and low reservoir storage capacity, 50 percent
of the PMF has been determined to be the appropriate spillway
design flood. The spillways will pass a 1 percent probability
flood without overtopping the dam.

Application of the probable maximum precipitation (PmP),
minus losses, resulted in a flood hydrograph peak inflow of
1,273 cfs. For 50 percent of the PMF, the peak inflow as
639 cfs. Tle results of flood routings are shown in Table 5,
Sheet 7 of Appendix A.

The routing of 50 percent of the PMF through the spill-
ways and dam indicates that the dam will be overtopped by 0.9
ft at elevation 1408.0. The duration of the overtopping Will
be 0.9 hours, and the maximum outflow will be 523 cfs. The
maximum discharge capacity of the spillways is 150 cfs. The
routing of the PMFt indicates that the dam will be overtopped
by 1.4 ft at elevation 1408.5. The maximum outflow will be
1,276 cfs . and the duration of overtopping will be 4.9 hours.
Overtopping of an earthen embankment could cause serious ero-
sion and could possibly lead to failure of the structure.

15 -
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S £C IIO: t0 - ST RUCI UL.1, STA B I, ITY

.1 L\'AI.Ii.AVI'iON OF S'I ,\U&t.ILkRAI. STABII 1ITY

A. Visual Observations:

Observed features whic could adversely affect the
st ructural stah i Iit v of this dam are discussed in Sect ions
3. IB and 3.

B . isi n and Con st r'uc t ion Pat a

SeC1, age and stab ii it a n alvses comparable to t)he re-
quirements of the guidelines were not available, ,,-hich
con11titutCs a defiieN which should be recti fied.

C. Oera t jn 1'ecords:

0 on)erating records have been obtained.

P . st - (nt 'uct ion Changes:

iTic unv reported post-construction was the placement
of the 4 in. PVC pipe inside the 8 in. principal spillway
p pe .

K. Seismic Stability:

The structure is located in seismic zone 1. An earth-
quake of this umanitude would not generally be expected to
cause severe structural damage to a well constructed earth
dam of this size.
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SECT ION 7 -. SLSSNT E11)ALNIL"ASUIRh S

1 l\M.SSESSII':

lbhis Pha se I inspect ion and eva lua tion s houl1d not be
coniidei !red as being comprehensive since the scope of work
contracted for is far less .ictailed than would be required
for all in-depthi evaluat ion of' dams, Latent deficiencies,

lhic mi ,ht be detected Iby a tot aIlly comprehens ive inves -
ti."lt "oil, Could eXist.

A. Sa Cctv:

The embanZITkme.nt wa s in a ood cond i tion. Several items;
wCre nloted dUr-ing thle Vi sL:n I inspect ion vwli cli should he in -

veCt i yItcei further, corr-ected or control led. These item-,s
!' 1e ) Seepage at Out let of p Jrinlcipal Spi I Iway pipe;

i IOS il a111 long noth atLtlflent and embankment Contact; and
I laic k o f wa ve p)rotLcct ionl for Lips tre-aim fa ce o f emb.ankment

Ano thler (1efji:.iec w %as th l1 1ac k o f see pa anC'IId st ah i I i tY
anIal secS recorIds .

IThle dami w ill be ove r topped bv f I ows i n exc e ss o f 2 0 pe r -
cent of the Probabhie MIax mum Flood. Overtoapp ing of an earthen
embanknent Cou1Ld caquse serious eros ion and could possibly lead
to failure of the structure.

B. Adequacy of Information:

TIhe conclusions in this report were based Onl the per for -
::iancc h is;torv as related byc Others, and Visual obser-vat ion of
oxternal conditions.

The inspection team considers that these data are suffi -
cilent to support the conclusions herein. Seepage and stabil1ity
analyses comparable to the "Recommended Guidelines for Sn fetv
Inspect ion of Pamns" were not available, which is considered at

defic iency.

The rIne11d in1 measures reccommenided in paratzraph 7 .2 Should
he accomplished in the near future. If the def icienc ies listed
in pa ragiraph A are not corrected, and if good maintenance is not

- 17 -
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pro i ded , thle embankment cond i t ion will deter i orate and poss iblI
COUld bCcome Ser-ious- in the future. The items rcecommended in
parraap-1 )h 7.- A should ( b e p ursued i n tile nea r fuLt ure .

9. Ncesityfor Additional lnspection-:

Based on tile result of tile Phase I inspection, no Phase I I
n snec tionl is rCcommen1C~ded.

1. 0. i S-11V- S t ahi I it v

st ructure is located in se ismnic zone 1. A.n earthquake
ofI thli: s ,:1g i tu.de Would not generally be expected to cause sev-
Cee tncur 1 mag to I well constructed earth daml of this

ilho f ( I low ing remied iaI moo s u res and ma i n t enanc e proc edures0
a C1 ,*0111 re Je om c ed . Ml 1 reined ia I measu rc s shioulId be pie rformed
unMe r tihe u idanko of- a pro foss i ona 1 engoineer experinced ill
''IC des i .,n and Const ruct ion Of (lais.

A-.- AlIternat ives:

I.1 Sp ii Iway sIze andl/or height of dam should be
increased to pass So percent of the PTMF. In
either case, thle spillway should be protected
to prevent erosion.

B.- 0'I M Proced-ures:

(1) Seepage and stability analyses comparable to
the requirements of the recommended guidelines
should be performed by an engineer experienced
in the construction of dams.

(2) The seepage at the principal spillway outlet
pipe should he investigated by an engineer
experienced in the design andl construction of
Jlams. Remned ial mena sures may be required. As
a minimum, this area should be inspected per-
iod ical lv in an effort to detect any increase
inl the quant it y of seepage or- any indicat ion
that soil particles are being carried by the
Iaiter 1. In this event, an exp~erienced engineer
Should be' con1tacted iT~mmedia1tely.



(3) The erosion channels along the north abutment-
embankmei, contact should be repaired and main-
tained. Continued flows through the emergency
spillway along the juncture point could ser-
iously impair the structural stability of the
embankment.

(4) Wave protection, such as rip rap, should be
provided along thv upstream slope of the em-
bankment.

5) A deta i led study of the oI og term pond ing effects
of the downstream roadway embankment should be
investgated by an en g ineCer experilIenced in the
design and construction of dams. Reriedial meas-
ures may be required.

(6) A detailed inspection of the dam should be made
periodical1v by an engineer experienced in the
design and construction of dams.

19 -



AP P EN D IX A

Dam Lo ca tion and PlIan s
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DAM LOCATION

d

LOCATION MAP

A/ ANDERSON HILLIARD ESTATES LAKE

ENGINEERING, INC. GREENE COUNTY, MISSOURI

730 N BENTON AVE * SPRINGFIELD, MO. 65802 Mo. r. D. No. 20473

SHEET I, APPENDIX A



'I4

Lf~.~

4/ 7. t,-i

I r
rAr

7!1,t 
f, El

IP ffD mLcto

1Cezet.? el Ft
-I 

K - -

SPRIGF I~LO.It.0 PiRIA.IL ROCFORD IL 
hee 2, ppeniX

1~r



LAK E

WATER SURFACE
~ 4b~ELEV 1401.4

CONCRETE ' 0A 1198
SLAB3I

2 .9 76

< + 199.6 39a 6

S1390.4
1391.0

AI 
s

Al

BE N CH M A RK:
NORTHEAST CORNER OF CULVERT 4"0 PV C SPILLWAY

HEADWALL, STA I +20 , 18o FT. 'NV E L EV. 1 3 79. S

LEFT (L D.AM. ELEV. 1384.0 MSL.
P L AN V IEWV

SCALE: 1-= 50'

1410-. _ _ _ __ _ _ _

0 2

P ROF I LE
SCALE: HORZ. C:50'

VERT 1"- 5'



FA CE
.4

LET

9 00

+1398 6

54

4 * PV C SPILLWAY PIPE
INV ELEV. 1379.5

-11080 60 SSJ

- 1405
3

0'

5'I



L 1410

'f \& \A

21

2 j _1405

WATER SURFACE
ELEV 1401 4

11/19/80

"9 - 1400

2.3

. o.1395

J,

.1390

- 1385

K 40 20 0 20 40

SECTION A -A STA 2"1-00
SCALE HORZ I"= 20.

VERT. ": 4' A/[ ANDERSON
ENGINEERING, INC.

730 N, DENTON AVE. * SPRINGFIELD. MO, 65802

HILLIARD ESTATES LAKE DAM

MO. No. 20473

PLAN L, PROFILE

GREENE COUNTY, MO.

SHEET 3 , APPENDIX A

jli



0... ... 0. . ...........

.. ...... .. ... . .. .. 1 . . ... I . . . ... . .. ... ... . , . .
S...... ......... I... ... ...

........... ........... . ..... .. .......... ........ .

... ....... ..... ... .

L).

- -.----- -- <-- ------ - -

....... ..... ' .. - - ' .... .. . ... ... ... ..... ,..... .. 1. . . . . .... ..... U ). N , . ... ... . . . . .,: -
.. ..... .,. .... .. .. . . ..... .. ... " "... . ' .. . .

. . .... .. . . ..... .. . . . .

. . .. ... .. .. .. ... ..... .. .. ...

~0
S ... . ......... ....... . ............ ...... . . .

.. .. ...... .... . . . . . .. . . .. .... ... ...

Z 4"

." . ........ ... ... t . . ..

. .......... ..... . .. ...... + " "

... .. _
x >-

0 <. . .... .... ... . .. . . ._ .

zz
... . . . .. .

... .... .. . .... . . . . . . . ) ... . ......... ....... . . .. ..

....... ,..... --A_ ... ...... ....... .1 . . . . . ... .w . ..._ ... ... .. .....

~..............

.................
.... ... . ,1 . .. . .. . . . . . ... . . . . . . o . . . .............. .. . .. , . -.... .. ..I.... . \,.

_1 , I i \
.. . .. ... .. .. .. ... . .; . .. .. ... .. . . . ... . .. . .... . . . . . . . . . . . .| . . . .. ... , .

HILLIARD ESTATES LAKE DAM
NDERSON GREENE COUNTY, MISSOURI

MO. r. D. No. 20473SENGINEERING, INC. EMERGENCY SPILLWAY

JN. IBM" AVE. 0 SPR)NGFIEtO. MO. 658Z SECTION 0, PROFILE

SHUIET 4 , APPENDIX A



'IV

CONCRETE SLAB

FISH SCREEN

COUNTY ROAD
S iM I IA NKMH [NT

EROSION
CHANNELS

wd 2+00

STANDING
WATER

, PV_ INLET

CONCRETE Box + 00

CULVERT

0400

PLAN SKETCH OF DAM

A/[ ANDERSON HILLIARD ESTATES LAKE DAM
I ENGINEERING, INC. GREENE COUNTY, MISSOURI

730 N IANTON AVE 0 SPRINGFIELD. M(O) 65302 MO. r. D. No. 20473

SHEET 5 , APPENDIX A



A PP EN D IX B

Geology and Soils
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APPENDIX C

HYDROLOGIC AND HYDRAULIC ANALYSIS

To determine the overtopping potential, flood routings were
performed by applying the Probable Maximum Precipitation (PMP) to a
synthetic unit hydrograph to develop the inflow hydrograph. The inflow
hydrograph was then routed through the reservoir and spillway. The
overtopping analysis was accomplished using the systemized computer
program HEC-l (Dam Safety Version), July 1978, prepared by the
Hydrologic Engineering Center, U.S. Army Corps of Engineers, Davis,
California.

The PMP was determined from regional charts prepared by the
National Weather Service in "Hydrometeorological Report No. 33."
Reduction factors were not applied. The rainfall distribution for the
24-hour PMP storm duration was assumed according to the procedures
outlined in EM 1110-2-1411 (SPD Determination). Also, the 1 percent
chance probability flood was routed through the reservoir and spillway.
Springfield, Missouri rainfall distribution (5 min. interval - 24 hours
duration), as provided by the St. Louis District, Corps of Engineers,
was used in this case.

The synthetic unit hydrograph for the watershed was developed by
the computer program using the SCS method. The time of concentration
was estimated using the Kirpich formula. This formula and the
parameters for the unit hydrograph are shown in Table 1 (Sheet 4,
Appendix C). The time of concentration was also verified from velocity
estimates for the average slopes of the watershed and the main channel
(Design of Small Dams, page 70, 1974 Edition).

The SCS curve numb-er (CN) method was used in computing the
infiltration losses for rainfall-runoff relationship. The CN values
used, and the result from the computer output, are shown in Table 2
(Sheet 5, Appendix C).

The reservoir routing was accomplished by using the Modified Puls
Method assuming the starting lake elevation at normal pool. No
antecedent storm was considered in this case. The hydraulic capacity
of the spillway was used as an outlet control in the routing. The
hydraulic capacity of the spillway and the storage capacity of the
reservoir were defined by the elevation-surface area--storage-discharge
relationships shown in Table 3 (Sheet 5, Appendix C).

The rating curve for the spillway (see Table 4 Sheet 6, Appendix
C) was determined assuming critical flow conditions at the control
section and, approach channel losses equal to 30 percent of the
critical velocity head at the control section.

Sheet 2, Appendix C



The flow over the crest of the dam during overtopping was
determined using the non-level dam option ($L and $V cards) of the
HEC-l program. The program assumes critical flow over a broad-crested
weir. The lowest elevation of the crest of the dam, obtained from
survey measurements, was assumed as top of dam elevation.

A summary of the routing analysis for different ratios of the PMF
is shown in Table 5 (Sheet 7, Appendix C). The result of the routings
indicates that the spillway will pass the 1 percent probability flood
without overtopping the dam.

The computer input data, a summary of the output data, and a plot
of the inflow-outflow hydrograph for the PMF are presented on 1 neets 8,
9, and 10 of Appendix C.

Sheet 3, Appendix C
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TABLE 1

SYNTHETIC UNIT HYDROGRAPH

Parameters:

Drainage Area (A) 0.086 sq miles

Length of Watercourse (L) 0.32 miles
Difference in elevation (H) 60 ft
Time of concentration (Tc) 0.15 hrs

Lag Time (Lg) 0.09 hrs

Time to peak (Tp) 0.13 hrs

Peak Discharge (Qp) 320 cfs

Duration (D) 5 min

Time (Min.)(*) Discharge (cfs)(*)

0 0
5 225

10 279

15 104
20 38

25 13
30 5

35 2

() From tile computer output

-FORIULA USED:

Kirpich Formula.

11 9 3 0.385 From California Culverts Practice, California
Tc = ( _) Highways and Public Works, September, 1942.

Lg = 0.6 Tc

0
Tp = + Lg

484 A.0Q
QP =-I- Q = Excess Runoff = I inch

Sheet 4, Appendl: C



TABLE 2

RAT1. NI,'ALL-RUNOFF' VALUES

Se lected Storm Event Storm Duration Rainfall Runoff Loss
(Hours) . . .(Inches) (In ches) Incles)

t' D 24 34.7 12.9 1.8

1,: 'ro . Plood 24 8.0 4.9 3.1

Adit iona I Data

1) Soil Conservation '" rvice Soil Group B
2) Soil Conservation Service RunofF Curve CN = 85 (ANC III) for twc P'MV
3) Soil Conservation Service Runoff Curve CN = 70 (,AIC II) for the

I percent probability flood
4) Percentage of Drainage Basin Impervious 12 perceit

TABLE 3

ELEVATION, SURFACE AREA, STORAGE AND DISCHARGE RELATIONSHlIPS

La ke
E1 evat ion Sur face L-ake Storage Sp i I Iway
(fct-MS 1) Area (icre ) (acre-f ) Di schar ge (cfs)

1383.0 0 0
1390.0 1.2 4
1400.0 3.8 29 -

*1404 3 4.5 47 0
**1405 4 4.6 52 0

***1407 1 4.8 60 150

1410. () 5.0 74 -
1420. 0 7.5 -

*'Princip l spil.lw y crest elev;ltio
**Em*,rgenc(y spillway crest clevation

***op of dam e l evatioll

The above reLit ionships were developed using data from the US(,S
Strafford, Missouri 7.5 minute quadrangle map and the field
neasureine[, t.

Sheet 5, Appendix C



FABLE 4

SPIILIMAYS RATING CURVE

Reservoir Pr ine i pa I Emergency Total
E Ilvzl t i oi SP-i I a I 1 U) Sj) pi I I , i D ischal rge

(>IS1,) (c f) ((fs) (c fs)

* 1404.3 ( - O

** 1 4(15 ' ( 0

1406.3 0 47 47

1407.0 0 135 135

***1407.1 0 150 150

1407.7 O 270 270

1408.5 0 470 470

1 .1) .2 (1 710 710

1409.5 0 860 860

(1) The di echarge eapacity i s too small. Neglected

*'Priicip..l spillway crest olevaLion
**i tl c t-t(",y spil Iway crst elt vat ion

**,Iop el datf 'I lclvat i oil

',1, thod Useu: ( l,'r gency Sp I lway)

A L;l ITI i I1 I

a) Cr it i cal flow condition at the control ,eet ton.
) ;pproach chnel lo;s ua'(11l.4 to 30 percent of thO critical

velociy heard ;it thi control sect ton.

10 )I'IU IoA

3 Design of Sma l Dams , 1974 Ed it ion Page 553 Water and Power

g T F Resources Service (Formerly LUSBR).

Q Discharge in cubic feet per second
A = Cross sectional area in square feet
T = Water surface width in feet
g = Acceleration of gravity in ft/sec

Sheet 6, Appendix C



FABLE 5

RESULTS OF FLOOD ROUTINGS

Ratio 'cak Peak lake Total Peak Depth
of Inflow Elevation Storage Outflow (ft)
PMF (c fs) (ft , MSL) (acre-ft) (cfs) Over Top

______ _____of Darn

- 0 *1404.3 47 0

O. 10 128 1406.2 56 40

0.15 192 1406.6 58 81 -

0.20 256 **1407.1 60 150 0

0.25 320 1407.2 60 170 0.1

0.30 384 1407.4 61 217 0.3

0.40 511 1407.8 63 360 0.7

0. 1) (,39 1408.0 64 523 0.9

(.75 959 1408.3 66 930 1.2

1.00 1,278 1408.5 67 1,276 1.4

The percentigc of the P'IF that wi L1 reach the top of tht dam is 20 percent.

"rincipaI spi I lway c res. t evat i on

**'Top of dam t? Ivat ion
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,ax. Inflow 1,278 cfs
Max. Outflow 1,276 cfs
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1. IST OF IVII iTOG RAPftS

NO. DISCRI PTION

1 Aerial View (Looking North)

2iL.l of reservoir and watershed (Looking

C r st an upstream face of embankment
Looking North)

o rst and ups tream face of embankment
with crwrge:ncy spillwav in foreground

Look in nc Sout )

Doinst ream slope of embankment (Looking
Southeast

Principal spillwav inlet structure
( Looking Fast)

Upstream face and principal spillway
inlet structure (Looking North)

8 Principal spillway outlet pipe, note
standing water (Looking East)

9 Emergency spill way and spillway inlet
channel (Looking East)

10 'mergency spillway and downstream
spillway channel, note erosion
channels along abutment-embankment
contact (Looking Southwest)

11 Emergency spillway downstream channel,
note erosion and location of channel
adjacent to embankment (Looking North)

12 Roadway embankment and box culvert
immediately downstream of dam. Area
of standing water is the location of
the principal spillway outlet pipe
(Looking West)
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LIST OF I'IiO'OGR:APHS

NO. DESCRI PTION

1 Aerial View (Looking North)

2 View of reservoir and watershed (Looking
East)

Crest and upstream face of embankment
(Looking North)

4 Crest and upstream face of embankment
with emergency spillway in foreground
(Looking South)

Downstream slope of embankment (Looking
Southeast)

Principal spillway inlet structure
fLooking Fast)

Upstream face and principal spillway

inlet structure (Looking North)

8 Principal spillway outlet pipe, note
standing water (Looking East)

9 Emergency spillway and spillway inlet
channel (Looking East)

10 Emergency spillway and downstream
spillway channel, note erosion
channels along abutment-embankment
contact (Looking Southwest)

11 Emergency spillway downstream channel,
note erosion and location of channel
adjacent to embankment (Looking North)

12 Roadway embankment and box culvert
immediately downstream of dam. Area
of standing water is the location of
the principal spillway outlet pipe
(Looking West)
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CONCRETE SLAB

FISH SCREEN

"'ts'

wJ 2+00

/" 2v / -,- 0 -IL

0+0

PHOTOGRAPH INDEX

A/E ANDERSON HILLIARD ESTATES LAKE DAM

ENGINERING INC.GREENE COUNTY, MISSOURI
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IENGINEERING, INC.GREECUTMSOI
730 N. BNTON AVE. 6 SINGEL. MO. 65802 MO. 1. D. No. 20 47 3
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